Translation mediated by the internal ribosome entry site of the cat-1 mRNA is regulated by glucose availability in a PERK kinase-dependent manner.
The cationic amino acid transporter, Cat-1, is a high affinity transporter of the essential amino acids, arginine and lysine. Expression of the cat-1 gene is known to be regulated by amino acid availability. It is shown here that cat-1 gene expression is also induced by Glc limitation, which causes a 7-fold increase in cat-1 mRNA, a 30-fold induction of Cat-1 protein levels, and a 4-fold stimulation of arginine uptake. Glc limitation is known to induce the unfolded protein response (UPR) by altering protein glycosylation in the endoplasmic reticulum (ER). The studies here demonstrate that synthesis of Cat-1 occurs during the UPR when global protein synthesis is inhibited. The 5'-UTR of the cat-1 mRNA contains an internal ribosomal entry site (IRES) that is activated by amino acid starvation by a mechanism that involves phosphorylation of the translation initiation factor, eukaryotic initiation factor 2alpha, by the GCN2 kinase. It is shown here that translation from the cat-1/IRES is also induced by Glc deprivation in a manner dependent upon phosphorylation of eukaryotic initiation factor 2alpha by the transmembrane ER kinase, PERK. Because PERK is a key constituent of the UPR, it is concluded that induction of cat-1 gene expression is part of the adaptive response of cells to ER stress. These results also demonstrate that regulation of IRES activity in cellular mRNAs is part of the mechanism by which the UPR protects cells from unfolded proteins in the ER.